Introduction
============

The abuse of opioids such as morphine is a serious problem that affects health, social life, and welfare of all communities.[@b1-AHJ-08-110],[@b2-AHJ-08-110] Frequent consumption of morphine, along with behavioral changes, as well as rewarding[@b3-AHJ-08-110] and withdrawal symptoms lead to morphine sensitization.[@b4-AHJ-08-110] Morphine sensitization is a form of long-lasting use of morphine which increases the possibility of relapse. Different forms of sensitization, like behavioral withdrawal, may intensify the process of morphine sensitization. Behavioral sensitization is usually associated with motor responses and can be accessed through conditioned place preferential (CPP).[@b5-AHJ-08-110],[@b6-AHJ-08-110] In the CPP paradigm, sensitization is characterized with increasing time spent in the drug-paired chamber.[@b7-AHJ-08-110],[@b8-AHJ-08-110]

Acquiring is one of the basic steps in drug sensitivity. This stage consists of immediate neurologic events with unpleasant behavior symptoms.[@b9-AHJ-08-110]

The importance of the central nucleus of the amygdala (CeA) gamma-aminobutyric acid-ergic (GABAergic) system in response to morphine has been proven with strong evidence.[@b10-AHJ-08-110] By using an addictive drug such as morphine, the mesolimbic center becomes activated. GABA receptors with inhibitory function adjust the release of dopamine transmitter, which is one of the rewarding agents mediating the abuse effects of morphine, from mesolimbic. Thus, in morphine response, the activation ratio of dopamine and GABA receptors is very important.[@b8-AHJ-08-110] Also, ventral tegmental is one of the mesolimbic rewarding areas in which the presence of a large number of GABA type B (GABAB) receptors has been demonstrated. Baclofen injection in this area causes dopamine release inhibition from other mesolimbic regions, such as nucleus accumbens. By inhibiting the release of dopamine, the positive response to morphine is also reduced.[@b11-AHJ-08-110],[@b12-AHJ-08-110] Considering the relationship between the CeA and the nucleus accumbens,10 application of baclofen in the CeA (chronic baclofen treatment) decreased the morphine-induced release of dopamine.[@b13-AHJ-08-110]

Most of the researches on rewards and attempts are generally done on the male gender, in order to identify and control rewards.[@b14-AHJ-08-110] Furthermore, little is known about the role of inhibitory receptors, such as GABAB, in the tendency and sensitivity to morphine. Given the fact that a large percentage of morphine addicts in the society are female and there are differences between males and females in terms of the drug response,[@b15-AHJ-08-110] the purpose of this research was to clarify the importance of stimulating and inhibiting the core of amygdala on the morphine tendency in females. Our conducted experiments could be substantially important in further investigations on morphine effects in females and search for new therapeutic strategies for morphine-addicted female patients.

Methods
=======

The present study was an experimental research. Each group consisted of 7 Wistar female mice in the weight range of 250 to 275 gram. Animals were exposed to appropriate light and food conditions. The allocation of animals into cages was completely randomized. Ethics were considered in all aspects.

Drugs used in this study including morphine combined with sulfate (prepared in Iran), baclofen as a stimulant, CGP35348 with inhibitory function (made in Switzerland), anesthetic drugs including Ketamine (70 mg/kg of animal weight) and Xylazine (10 mg/kg of animal weight) were injected intraperitoneal. The medications were dissolved in normal saline. Various quantities of subcutaneous morphine (0.5, 1, 2.5, 5, 7.5, 10 mg/kg of animal weight) were injected to animals. Also, the inhibitory and stimulating drugs were injected into the CeA at 3 doses of 1.5, 6 and 12 μg/rat.[@b7-AHJ-08-110],[@b8-AHJ-08-110] To ensure that the drug is transferred to the desired core, the needle tip remained within the core for one minute after injection. Next, CPP measurement was conducted after two minutes of animals rest.[@b7-AHJ-08-110]

By using the stereotactic device and dental cement, two cannulas with 23 gauge thickness were fixed at the target core. Stereotactic dimensions for the CeA were based on Paxinos and Watson color atlas information which are -3.3 mm for incisor bar, -7.8 mm dorsal-abdominal, -2.12 mm anterior-posterior and ± 4.1 mm middle-lateral.[@b16-AHJ-08-110] After the surgery, the animals were recovered for a week.

The CPP device used in this experiment consisted of two parts, with the dimensions of 30 × 60 × 30 centimeters.[@b15-AHJ-08-110] Also, two sides of the box had equal dimensions, but the signs of the two parts and symptoms of smells were different.

Besides, animals did not have a preference on either side of the box in the preconditioning period. This supports our unbiased conditioned place preference paradigm.

Five days after the surgery and cannulation, sensitization was induced in rats through receiving 7.5 doses of morphine for 3 consecutive days. Five days later, CPP was done with 2.5 doses of morphine. Baclofen or CGP35348 were injected inward the CeA, ten minutes before each morphine taking in the first, second and third days of sensitization.[@b8-AHJ-08-110] Sensitization timeline is shown in [figure 1](#f1-AHJ-08-110){ref-type="fig"}.

CPP included a 5-day program with three distinct phases consisting of preconditioning stage, conditioning and finally, the post-conditioning stage.[@b8-AHJ-08-110] Preconditioning was applied on the start day of the conditioning. Each animal was placed individually into the box for ten minutes, with full access to both sides of the box. In conditioning stage, rats received morphine and saline, twice daily. On the ﬁrst day of conditioning sessions (the 2^nd^ day of CPP), the animals received morphine at 9 AM and remained in the box for 45 minutes. Six hours later, the rats received saline subcutaneously in another side of the compartment for 45 min. On day 2 (the 3^rd^ day of CPP), the time order of receiving morphine and saline was reversed. On day 3 (the 4^th^ day of CPP), the animals received morphine and saline as the first day. Immediately after each morphine or saline injection, the animals were placed in their relative compartments for 40 min, while they could not move to the other side of the box. Finally, post-conditioning phase started on the fifth day. The barrier between the two sides of the box was removed, and the animal placed in the middle of the box. Then, the time which each animal spend on each side of the box during 10 minutes was measured. Also, morphine or saline was not injected in animals during the test. CPP timeline for dose-response determination is shown in [figure 2](#f2-AHJ-08-110){ref-type="fig"}.

Analyzes were performed using the GraphPad Prism software (version 5, San Diego, CA, USA, 1994). Data comparison was performed using Tukey\'s range test and Student's t-test. Data were shown as means ± standard error of the mean (SEM).

Results
=======

Determination of morphine dose response: Various quantities of morphine (0.5, 1, 2.5, 5, 7.5, 10 mg/kg of animal weight) were injected to the rats in the conditioning stage of CPP ([Figure 3](#f3-AHJ-08-110){ref-type="fig"}).

Animals in doses 7.5 and 10 spent more time on the side of the box which was paired with morphine. To save morphine consumption, 7.5 mg/kg dosage of morphine, as an effective dose, and 2.5 mg/kg, as ineffective dose, were used in further stages.

Morphine effect on place conditioning in sensitized animals: [Figure 4](#f4-AHJ-08-110){ref-type="fig"} shows the place conditioning effects on sensitization. The experimental group subcutaneously received an effective dose of morphine on the first three days of sensitization. Five days later, the CPP was done by morphine dosage 2.5 mg/kg. In the control group, the injection of saline in the first three days did not produce any sensitization.

The effects of stimulation and inhibition of CeA GABAB receptors on the acquisition of morphine in morphine sensitive rats: To specify the effects of GABAB stimulation (by baclofen) or inhibition (via CGP35348) on the acquisition of morphine in CPP model of sensitive rats, certain doses of stimulator and inhibitor inserted into the core of the amygdala, ten minutes before each morphine taking in the first, second and third days of sensitization. The saline groups received saline instead of morphine during these 3 days. Five days later, the CPP was induced by 2.5 mg/kg dosage of morphine. Doses of 1.5, 6 and 12 μg/rat of baclofen had not significant effect on the sensitivity of animals to morphine at the acquisition stage. Injection of the inhibitor into the CeA (1.5, 6 and 12 μg/rat) causes a significant reduction in the acquisition level of morphine sensitivity in CPP model ([Figures 5](#f5-AHJ-08-110){ref-type="fig"} and [6](#f6-AHJ-08-110){ref-type="fig"}). Sensitization timeline is shown in [figure 7](#f7-AHJ-08-110){ref-type="fig"}.

Discussion
==========

In confirmation of previous work on the positive effects of morphine reward in male[@b17-AHJ-08-110] and female genders[@b8-AHJ-08-110] in CPP model, taking morphine enhanced the time passed on the part of the device that was coupled with morphine, while saline injection did not have such an effect. Moreover, in our box, the animals did not show preference on either side of the box, which confirms un-biased CPP method.

Sensitivity leads to multiple adaptive neuronal responses. Some of these adaptations include permanent changes in synaptic structures and altered gene expression.[@b18-AHJ-08-110] Multiple neuromodulator and neurotransmitter including GABA[@b19-AHJ-08-110] and dopamine have also been proposed to be involved in sensitization to morphine. Sensitivity by activating the GABAergic system can activate G-proteins which are used in the brain reward system. Sensitivity to morphine is due to pairing of G-protein and GABA receptors. This pairing leads to down-regulation of GABAB receptors and reduction of their inhibitory effects. Thus, sensitization with more craving for morphine increases the time spent in the part of the box that is coupled with morphine.[@b19-AHJ-08-110]

The results of our study showed that sensitivity of females is more than the control group. Consistently, other reports also emphasized that females become addicted to morphine with lower dose, so their sensitivity is higher.[@b20-AHJ-08-110]

Baclofen injection into the CeA had no significant effect on acquisition of sensitivity to morphine. Moreover, stimulating CeA GABAB receptors could not have any effect on morphine-induced sensitivity. A possible explanation is that GABAB receptor-dependent mechanisms in CeA might be in their maximum activity, or inversely, might not work at all during the sensitivity to morphine. These hypotheses can be further investigated by checking CGP35348 effects, showing that acquisition of sensitivity to morphine was significantly reduced in the presence of this GABAB antagonist. So, it implies that a maximum activity of GABAB receptors in CeA occurs at the time of sensitivity to morphine, and this activity is not expandable using baclofen. This controversial issue can be explained in such a way that there may be sub-types of the GABAB receptors in this area, which are important in the acquisition of morphine sensitivity in the sensitized female rats. The proposed GABAB receptors sub-types are GABABR1a, GABABR1b and GABABR2. Advanced cell researches have shown that GABABR1a sub-type is mostly located in pre-synaptic terminals, while GABABR1b sub-type position is usually postsynaptically, and GABABR2 sub-type is mainly present at both post and pre-synaptic terminals. Pre-synaptic GABAB receptors activity result in repression of Ca^2+^ influx by inhibiting the cell membrane Ca^2+^ channels and decrease neurotransmitter release, while the activity of post-synaptic GABAB receptors leads to cells hyperpolarization by opening k^+^ channels.

Some reports suggest that inhibition of GABAB receptors in the pre-synaptic terminals results in the release of more GABA transmitter, by which increases its inhibitory effects in the reward pathway.[@b21-AHJ-08-110] Based on our results, it seems that CGP35348 might act on the pre-synaptic receptors and could cause a decrease in dopamine neurons activity and thereby, the reward pathway is inhibited.

Also, sex differences and hormonal fluctuations during the sexual cycle in female rats can influence the results.[@b22-AHJ-08-110],[@b23-AHJ-08-110] Sex differences in morphine sensitization may be due to opioid receptors pharmacology,[@b24-AHJ-08-110] density, binding and localization. Furthermore, diversities in the anatomy and physiology of neurons are also involved in the response to the drug.[@b23-AHJ-08-110]

Finally, in morphine-sensitized rats the effects of GABA receptors agonist and antagonist in the target nucleus were not dose-dependent in CPP model, suggesting that all doses used in this study were saturating the receptors in the CeA.

Conclusion
==========

The data of the present study implies that GABAB receptors within CeA may influence the process of behavioral sensitization, which results in the inhibition of morphine sensitization. Further studies with multidisciplinary approaches are necessary to identify the pre and post-synaptic mechanisms of the GABAB receptors.
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![Figure 1. Sensitization timeline SC: Subcutaneous; CPP: Conditioned place preferential](AHJ-08-110f1){#f1-AHJ-08-110}

![Figure 2. Conditioned place preferential (CPP) timeline for dose-response determination In the plan, only one dose of morphine is shown (0.5 mg/kg, SC), the rest of dosages (1, 2.5, 5, 7.5, 10 mg/kg) were likewise examined SC: Subcutaneous](AHJ-08-110f2){#f2-AHJ-08-110}

![Figure 3. Morphine dose-response in conditioned place preferential (CPP) paradigm (n = 7) Data are shown as mean ± standard error of the mean (SEM), \*P \< 0.001 for saline vs. 7.5 and saline vs. 10](AHJ-08-110f3){#f3-AHJ-08-110}

![Figure 4. Comparison of conditioned place preferential (CPP) in sensitized and control groups (n = 7) Data are shown as mean ± standard error of the mean (SEM), \*P \< 0.001](AHJ-08-110f4){#f4-AHJ-08-110}

![Figure 5. Effects of the intra-CeA administration of baclofen on the acquisition of conditioned place preferential (CPP) in morphine-induced sensitization (n = 7) Data are shown as mean ± standard error of the mean (SEM)](AHJ-08-110f5){#f5-AHJ-08-110}

![Figure 6. Effects of the intra-CeA administration of CGP35348 on the acquisition of conditioned place preferential (CPP) in morphine-induced sensitization (n = 7) Data are shown as mean ± standard error of the mean (SEM), \*P \< 0.05 for saline vs. other groups](AHJ-08-110f6){#f6-AHJ-08-110}

![Figure 7. Acquisition of sensitization to morphine timeline iCeA: Intra-CeA; SC: Subcutaneous; CPP: Conditioned place preferential](AHJ-08-110f7){#f7-AHJ-08-110}
